Introduction

30
The basic principles of concentrated solar power (CSP) systems are covered in previous 
98
even conceding the benefit of a production boost by combustion of NG.
99
In terms of energy, according to the International Energy Agency [10], the 2014 World 100 electricity generation has been 23,816 TWh, with Coal/Peat providing the 40.8%, NG the 21.6%,
101
Hydro the 16.4%, Nuclear the 10.6%, Oil the 4.3%, and Others, including all the Renewables the 102 6.3%. This 6.3% is mostly wind. Presently, the total solar electricity generation in the world is only 103 1.05% of the total. According to the United States Energy Information Administration [11] , the net 104 generation in the United States during 2015 has been 31.2% by coal, 34.7% by NG, 20.2% nuclear, 
109
This scenario is expected to drastically change in the next few years, and there is a clear need to 110 develop new CSP ST technologies to match the significant demand. However, this requires 111 significant technology updates that is unclear could be delivered.
112
Ref. [16] 
124
Aims of this paper are to provide an objective assessment of the current costs and performances
125
of CSP ST plants, and then to survey the proposed technologies the many issues that strongly limit 
130
Concentrating solar power (CSP) has been so far mostly proposed and implemented in the 
Parabolic trough typical design parameters
148
The most common CSP systems are PT. A PT is made up of a linear parabolic reflector
149
concentrating the sun light onto a tubular receiver. The receiver is located along the focal line of the 150 reflector. The tubular receiver is filled with a working fluid. The RF may be oil, MS or water/steam.
151
The reflectors follow the sun with tracking along a single axis. The working fluid is heated as it flows
152
through the receiver up to temperatures from 390 to 500 °C, depending on the fluid used. 
188
− For MS (nitrate salt) as the RF, the receiver temperature is 565 °C, the peak flux on receiver is 189 1,000 kW/m 2 , the hot storage temperature is 565 °C, the cold storage temperature is 290 °C, and
190
the condenser temperature for heat rejection is 40 °C.
191
− In case of water/steam as the RF, the receiver temperature is 550 °C, the peak flux on receiver is > 192 300 kW/m 2 . The hot and cold storage tanks are not available in this case.
193
Additional information of existing plants from thermal models
194
Computational tools are used for heat balance design of thermal power systems, and for
195
simulation of off-design plant performance. Hence, thermal models are the best avenue to appreciate 196 design variants in CSP ST plants from the point of view of electricity output.
197
A scheme of the Rice CSP ST facility is provided in figure 1 (from [26] 
224
The capacity factor 1 is defined as the ratio of the actual electricity produced in a year E [MWh] 225 with the product of net capacity P [MW] by number of hours in a year:
227
This capacity factor does not account for the consumption of NG. 
232
Ref.
[8] suggests two other way to evaluate the net capacity factors.
233
A third capacity factor 3 is defined as the ratio of the actual electricity produced reduced of the 234 electricity produced by burning the NG in a gas turbine (GT) plant with efficiency ηGT=30%, with the 235 product of net capacity by number of hours in a year:
237
A fourth capacity factor 4 is finally defined as the ratio of the actual electricity produced
238
reduced of the electricity produced by burning the NG in a CCGT plant with efficiency ηCCGT=60%,
239
with the product of net capacity by number of hours in a year:
241
An important parameter not accounted for is the requested electricity generation profile.
242
Without TES, the costs per installed capacity are lower, because there is cost associate to the TES and 243 because the turbine is oversized compared to the solar field. However, the electricity production is 
332
The cost of Solana (PT, TES) is approximately 2,000 m$, 10% less than the ISEGS ST facility that 
347
The project started operation in November 2015. While the planned electricity generation was 348 500,000 MWh/year (capacity factor 51.89%), the actual electricity produced in 2016 was only 127,308
349
MWh/year. During the year 2016, the plant was operated 10 months January to October. The plant
350
has been so far out of service for about one half of the lifetime, from November 2015 to July 2017.
351
Crescent Dune was indeed shut-down in October 2016 due to a leak in a MS tank and it returned to 352 operation only in July 2017. By using the actual production of 2016, the capacity factor is only 13%.
353
From Table 2 we may conclude that PT may possibly permit lower costs than ST, while TES
354
significantly add to the cost of the plant, but apart from reliability issues, it also improves the 355 electricity production.
356
According to the latest construction cost data for electric generators installed in 2015 by the US 
Energy storage and heat transfer fluid
412
Here we report on the improvement being sought by using a TES with different options for the 413 receiver and the TES fluids. This is the main area of development being considered, as the added
414
value of CSP compared to other renewables is the ability to produce electricity potentially 24/7 415 through TES.
416
TES is the key to achieve high capacity factors and avoid NG boost. TES allows improved 
427
The current best RF and TES fluid is MS that, however, has the drawback of having low 
470
an economic performance metric, of the TES itself rather than the full plant. Calculations were done
471
for different plant configurations and storage sizes varying from 1 to 9 h of operation at full capacity.
472
LCOE is shown to be a valid argument for the selection of the TES, even if other aspects not included 473 also play a relevant role.
474
The opportunity to adopt particle suspensions as RF, TES fluid, and power block fluid is 
Power cycles and power cycles fluids
509
Here we report on the improvement being sought by using different power cycles and power 
521
The performance of an integrally geared compressor-expander recuperated recompression 
536
The performance decay from design to average yearly conditions is mostly due to the optical and 537 thermal efficiencies reduction respectively of -10.8% and -16.4%.
538
Several current sCO2 Brayton cycles for integration into a MS CSP ST system are reviewed in
539
[70]. The intercooling cycle can generally offer the highest efficiency, followed by the partial cooling 
563
Energy and exergy analyses of sCO2 recompression Brayton cycles are proposed in Ref.
[72].
564
The heliostat field layout is optimized for the optical performance on an annual basis. A 
570
The thermal performance of an array of pressurized air solar receiver modules integrated to a
571
GT power cycle for a simple Brayton cycle, a recuperated Brayton cycle, and a combined 
582
Here we report on the improvement being sought by redesigning solar field and receiver. This technologies being developed at different stages of evolution. As the receiver design is not 591 decoupled from the design of the solar field, here we couple together these two aspects.
592
Gas receivers, liquid receivers, and solid particle receivers are reviewed in [74] . Higher 593 thermal-to-electric efficiencies of 50% and higher may be achieved by using sCO2 closed-loop
594
Brayton cycles and direct heating of the CO2 in tubular receiver designs, external or cavity, for high 
606
The improvement of the solar flux intercepted by the receiver to increase the peak flux is 
619
The size of the solar field required by a VVR is 12.5% smaller than the size required by a 620 traditional TETR. Additionally, the VVR provides advantages for the winter operation when the 621 panels can be split in two, increasing the number of passes and the velocity of the heat transfer fluid.
622
High temperatures, thermal shocks and temperature gradient from a high, non-homogeneous 
628
The optimization of a solar field layout with heliostats of different size is considered in [77] .
629
Although the use of a single heliostat size is openly questioned in the literature, there are no tools to 630 design fields with heliostats of different sizes in the market. The paper addresses the problem of 631 optimizing the heliostat field layout with two heliostats' sizes.
632
[78] numerically studied the influence of wind and return air on a volumetric receiver. 
678
heliostat is reduced to $72/m 2 which is less than half that of the conventional systems.
679
The thermal performance of a cavity receiver in a CSP ST plant that relies on the spatial 680 relationship of its polyhedral geometric inner surfaces is studied in [84] . Based on model results, the 681 thermal efficiency of the cavity receiver is shown to increase with the increase of incident heat flux.
682
When the width-depth ratio decreased, the cavity efficiency increased first and then decreased. The 683 total heat loss of the receiver varied differently with the increase of the heat absorption area to the 684 aperture area ratio.
685
The thermal efficiency of multi-cavity CSP ST receivers was modelled in [85] . There is an 686 optimal aperture flux that maximizes the local efficiency. This optimum is constrained by the 687 maximum receiver working temperature. For this aperture flux, the thermal efficiency, receiver 688 temperature, and RF temperature are calculated for an optimized flux distribution. In the proposed 689 case study, it was found that a RF with a minimum convection coefficient between 250 and 500
690
W/m 2 /K, permits to achieve a receiver thermal efficiency greater than 90%.
691
An array of high temperature pressurized air based solar receivers for Brayton, recuperated,
692
and combined Brayton-Rankine cycles was investigated in [86] . The cluster of 500 solar receiver 693 modules, attached to a hexagon-shaped secondary concentrator and arranged side-by-side in a 694 honeycomb-type structure following a spherical fly-eye optical configuration, yield a peak solar 695 energy to electricity efficiency of 37%.
Ref. [87] 
740
[90] also studied solar absorber coatings. The LCOE metric is used to attribute value to any 
780
CCGT plant coupled with a CSP ST is found to deliver the highest annual solar-to-electric efficiency 781 of 21.8%.
As the integration of renewables with conventional power sources is presently discouraged, it is 783 not expected that power plant burning fossil fuels will be integrated with solar fields, even if this is
784
by far the best opportunity to convert solar thermal energy in electricity. 
807
In desert installations, far from the coast, the condenser is air cooled, and this limits the 
823
As a final area of concern, here we report on the improvement being sought in CSP ST 
835
[97] reviews the CSP plants installed in India and discusses the growth of the electricity 836 generated by CSP in India, with targets grown to 100,000 MW by 2022.
837
The design and construction of a CSP ST demonstration plant in Saudi Arabia, an area of 
851
[99] simulated the behavior of the Spanish GEMASOLAR plant under different climates.
852
The analysis is performed for different locations of mainland China. An estimation of both annual 853 energy production and return of the investment was provided. Simulations were made with and
854
without hybridization with combustion of fossil fuels and with same or modified nominal power.
855
Annual overall efficiencies were about 14% for the 20 MW power plant (GEMASOLAR nominal 
873
The electricity production and the reliability of the plant have been so far worse than the 
891
While it is expected that CSP ST installations will grow considerably in the next few years, there
892
is not yet a better solution all-inclusive than the use of MS as RF and TES fluid, with classic solar 893 field heliostats and receivers, driving a water/steam superheated Rankine cycle steam cycle.
894
Manufacturing is a major keyword to cover. 
